Abstract: Clonal plant species dominate meadow vegetation where grazing can generate spatial heterogeneity at different scales and can select for species that express particular sets of clonal traits. This in situ study aimed to characterize finegrained spatial patterns of defoliation (<1 m) induced by contrasting cattle grazing intensities and to link these spatial patterns with the abundance of species-specific clonal traits. Using correlogams and synthetic spatio-temporal indices, the heterogeneity of vegetation height and leaf damage was monitored along a cattle grazing gradient. Species were identified and their clonal traits retrieved from the database CLO-PLA3. Under moderate grazing, fine-grained spatial patterns of defoliation were not stable over time. Defoliation was heterogeneous during the first months of the grazing season and then became homogeneous. Intensive grazing generated homogeneous defoliation, regardless of the date. In the study meadow, grazing gave rise to communities containing a greater abundance of annual species. However, clonal traits assumed to enable clonal fragments to benefit from heterogeneity do not seem advantageous. Increasing grazing intensity promoted species with clonal traits expected to minimize costs associated with clonality (aboveground clonal growth forms, shortdistance lateral spread, and (or) short-lived connections). Ungrazed conditions favoured species with clonal traits associated with a high competitive ability.
Introduction
Grazing is a complex biotic factorthat strongly influences the composition and structure of vegetation (Huntly 1991) . In particular, grazing may affect vegetation by generating spatial heterogeneity within very local areas (<1 m) and across much larger regions (several hundred meters), (Rietkerk et al. 2000; Adler et al. 2001; Augustine 2003 ; see also Olofsson et al. 2008 for the particular case of rabbit grazing). Grazing-induced heterogeneity is often considered in terms of species composition (Bakker et al. 1983; Posse et al. 2000; Augustine 2003; Loucougaray et al. 2004; Collins and Smith 2006; Oom et al. 2008) , light availability (Bakker et al. 2003; Veen et al. 2008) , or soil properties (Posse et al. 2000; Augustine and Frank 2001; Anderson et al. 2004; Zhou et al. 2008) . By contrast, only a handful of studies have paid attention to the effect of spatial patterns of defoliation (i.e., the removal of aboveground tissues caused by grazing animals) on plant communities (Oom et al. 2008; Olofsson et al. 2008 ). Yet, grazing-induced defoliation primarily consists of discrete events of a single bite, and could thus be heterogeneous at fine scales (Schwinning and Parsons 1999; WallisDeVries et al. 1999 ; see also Weber et al. 1998 ). The spatial patterns of grazing-induced defoliation can be expected to depend on grazing intensity, especially as the amount of plant biomass per animal decreases as the stocking rate increases (Fuhlendorf and Smeins 1999) . Regardless of the scale, moderate grazing can enhance vegetation heterogeneity, whereas intensive grazing is more likely to generate homogeneous defoliation (Fuhlendorf and Engle 2001) .
Plant functional responses to disturbance (sensu Grime 1977) and especially grazing have concerned ecological studies for the past decades. A short life span (annual species), small stature (e.g., prostrate architecture, stoloniferous, or rosette growth form), and small leaves with a high specific leaf area have regularly been suggested to be favoured by disturbance (see for instance, Grime 1977; Grubb 1977; Lavorel et al. 1997) , especially grazing (Díaz et al. 2001 (Díaz et al. , 2007 Adler et al. 2004 Adler et al. , 2005 . Vegetative multiplication (i.e., clonal growth) has almost never been considered in such studies, although it plays a major role in both plant reproduction and population persistence in many grassland plant communities (Briske and Silvertown 1993) , which are mainly composed of clonal species (Klimeš et al. 1997) . Consequently, clonal plants are expected to shape the dynamics of such plant communities (Zobel et al. 2010) . A clonal fragment is composed of potentially independent descendents (the ramets) linked together by plagiotropic stemderived connections. Clonality enables clonal fragments to spread horizontally (Hutchings and Mogie 1990) and governs the spatial distribution of ramets through clonal architecture (Bell and Tomlinson 1980; Lovett-Doust 1981; Cain 1994; Wolfer et al. 2006) . Clonal architectures can be organized along a gradient from phalanx to guerrilla growth forms (sensu Lovett-Doust 1981) . Phalanx growth forms are characterized by short and highly branched connections, leading to a compact aggregation of ramets. In contrast, guerrilla growth forms are composed of few but long connections, resulting in a dispersed network of ramets. Moreover, clonal growth organs may be involved and even specialized in resource storage (Suzuki and Stuefer 1999) . While resource storage mainly occurs in belowground clonal organs, such as rhizomes, bulbs, or tubers (Dong and de Kroon 1994; Dong and Pierdominici 1995; Suzuki and Stuefer 1999) , aboveground clonal organs (i.e., stolons) can also fulfill this function (Stuefer and Huber 1999; Suzuki and Stuefer 1999) . Connections can also allow resource sharing among interconnected ramets (physiological integration), (Pitelka and Ashmun 1985; Hutchings and Bradbury 1986; Kelly 1995) . Restricted physiological integration occurs only across a few centimetres and a few ramets; however extensive integrated connection networks have been reported, which enable translocation of resources over a few decimetres up to meters (D'Hertefeldt and Jónsdóttir 1999; D'Hertefeldt and Falkengren-Grerup 2002) .
Clonal structures, as with other plant parts, require resources for their production and maintenance (Caraco and Kelly 1991; Kelly 1995; van Groenendael et al. 1996; Fischer and van Kleunen 2002) . Therefore, suites of clonal properties that form ecological strategies are expected to be selected in environmental conditions where the benefits they confer on clonal fragments outweigh their costs. In particular, some clonal properties have been suggested to enable clonal plants to explore and efficiently exploit heterogeneous environments (de Kroon and Schieving 1990; Jónsdóttir and Watson 1997; Hutchings 1999) . Guerrilla growth forms may be advantageous in heterogeneous conditions, where longdistance lateral spread could enable the clonal fragment to move among vegetation and escape from unfavourable conditions, while phalanx growth forms lack mobility (Schmid 1985; de Kroon and Schieving 1990; Macek and Lepš 2003; Puijalon et al. 2008) . Under heterogeneous defoliation, ramets may be differentially affected according to their spatial distribution and dispersed ramet networks could spread the risk of defoliation among ramets. Furthermore, clonal integration has been suggested to enable the clonal fragment to buffer heterogeneous damages by enabling undamaged ramets to support defoliated ones (Hartnett 1989; Jónsdóttir and Callaghan 1989; Herms and Mattson 1992) . Connections can also allow the movement of signaling or defense compounds from defoliated to nondefoliated ramets. The resulting induced systemic resistance, corresponding to a decrease in palatability of intact ramets, is likely to prevent them from being damaged (Gómez and Stuefer 2006) .
Clonal traits expected to be favoured under homogeneous defoliation are likely to differ from those under heterogeneous defoliation. Contrary to guerrilla growth forms, phalanx growth forms enable plants to hold their position and maximize their occupation of space (Schmid 1985; Cheplick 1997) . This may be advantageous under homogeneous defoliation, where the odds of escaping defoliation are weak. After losses of biomass, the activation of dormant buds allows for vegetative regeneration (i.e., resprouting, Bellingham and Sparrow 2000). In clonal plants, vegetative regeneration following homogenous defoliation can lead to the production of new ramets, depending on the presence of a vegetative bud bank protected from damage Klimeš 2003, 2007) . Moreover, the presence and readily mobilization of stored resources after defoliation support compensatory growth as well as resprouting (Richards 1993; Iwasa and Kubo 1997; Bell and Ojeda 1999; Lattanzi et al. 2004) .
The ability to observe a differential expression of clonal properties in heterogeneous environments will depend on the scale to which a clonal fragment can perceive and respond to its environment (Stuefer 1996; Wijesinghe and Hutchings 1997; 1999) . When grown under experimental conditions of heterogeneous soil nutrient supply, clonal fragments of Glechoma hederacea L. were shown to best perceive heterogeneity at 0.25 Â 0.25 m patch scale (Wijesinghe and Hutchings 1997) . For smaller patches, clonal fragments failed to respond to environmental heterogeneity. A patch size larger than the whole clonal fragment is also expected to be perceived as homogeneous (Stuefer 1996) . Although some exceptionally large clonal fragments that cover over several hundred meters and even hectares have been recorded (McLellann et al. 1997; Jónsdóttir et al. 2000) , in general, clonal spread, as well as physiological integration, occurs only between 10 cm and a few meters (D'Hertefeldt and Jónsdóttir 1999; D'Hertefeldt and Falkengren-Grerup 2002; Kun and Oborny 2003) . Consequently, it seems likely that the range of heterogeneity perceptible by a clonal fragment is limited to scales less than 1 m. Henceforth, these spatial patterns will be referred to as fine-grained heterogeneity. In contrast, larger scale spatial patterns (>1 m) that are expected to be perceived as homogeneous by clonal fragments will be qualified as homogeneous.
In natural conditions, little is known about the scale of heterogeneity of defoliation induced by cattle grazing and whether environmental heterogeneity can be perceived by clonal plants has rarely been verified (Fischer and van Kleunen 2002) . The first aim of this study was to characterize the fine-grained spatial patterns of defoliation occurring under contrasting cattle-grazing intensities. The second aim was to link these spatial patterns with the abundance of species-specific clonal traits. In particular, two hypotheses were tested: (Rossignol et al. in press ).
Material and methods

Study site
This study was carried out on the common grassland of Magnils-Reigniers, a grazed wet permanent meadow located in the Marais Poitevin marshland on the French Atlantic coast (46826'20@N; 1812'12@W) . A topographical gradient consisting of depressions, higher level flats, and intermediate slopes (with a maximum altitudinal range of 0.7 m) occurs repeatedly within the grassland and discriminates three plant communities, depending on flooding duration: the mesophilous, mesohygrophilous, and hygrophilous communities. This study was carried out on the mesophilous plant community that occurs on flats that are never flooded. It is dominated by grasses such as Cynosurus cristatus L., Elytrigia repens (L.) Nevski, Hordeum secalinum Schreb., Lolium perenne L., and the sedge Carex divisa Huds.
In 2008, field observations and measurements were carried out in a meadow where different grazing regimes had been established since 1995 to investigate the consequences of grazing on plant community structure. Previous to the establishment of the controlled grazing regimes, this meadow was used for extensive grazing by horses and cattle. Grazing occurs yearly from early spring (mid-April) until early fall (mid-October), (Amiaud 1998; Loucougaray et al. 2004; Rossignol et al. 2006) . Three contrasting cattle-grazing intensities were studied: no grazing (S0), moderate grazing (S2), and intensive grazing (S4). The ungrazed paddock (S0) corresponds to a 4 ha exclosure characterized by the dominant cover of the grass E. repens. The two grazed paddocks (S2 and S4) are 1 ha in size and have respective stocking rates of 2 and 4 heifers/ha (i.e., about 685 and 1370 kg live weight/ha, respectively), (Ménard et al. 2002) . Grazed paddocks are characterized by L. perenne, C. cristatus and H. secalinum.
In the present study, each stocking rate was represented by only one paddock. However, it has been recorded that cattle forage selectively throughout this meadow, generating a vegetation mosaic at a large scale (from 10 to several hundred m 2 ), (Loucougaray et al. 2004; Rossignol et al. 2006) . Several grazed patches occur at independent locations within each paddock, corresponding to several replicates of each stocking rate (Amiaud 1998; Loucougaray et al. 2004 ). Consequently, plots were randomly located within grazed patches for both grazed intensities (S2 and S4) and randomly positioned within the ungrazed paddock for the control without grazing (S0). For each stocking rate, vegetation height and floristic composition were measured in 10 permanent plots (30 permanent plots in total).
Sampling design
Measurement of the height of the vegetation cover
Permanent plots consisted of 1 m Â 1 m grids divided into 0.1 m Â 0.1 m cells (100 cells). We measured the height of the vegetation cover in each cell without taking rare shoots or branches into account (Westoby 1998) . For that purpose, a perforated square of polystyrene (0.1 m Â 0.1 m, 2 g) was lowered onto the vegetation along a vertically held ruler (Stewart et al. 2001; Loucougaray et al. 2004) .
Measurements were carried out four times within a year: before the grazing season (April 2008), twice during the expected peak of biomass (June and July 2008), and just after the grazing season (October 2008). In June 2008, we inspected the vegetation of each cell and recorded whether it contained at least one damaged leaf, to provide a more accurate index of defoliation, independently from vegetation height.
Species sampling and CLO-PLA3 trait monitoring
In June 2008, we evaluated the abundance of each species and bare soil as their relative percentage cover in 0.5 m Â 0.5 m subplots, positioned at the center of each plot. To focus only on plants, we calculated the percentage cover of each species in a subplot as a total proportion of one, removing any recorded bare soil from the calculation (Pakeman 2004) .
For each species, information on clonal properties was retrieved from the free database CLO-PLA3 (Klimešová and Klimeš 2008; Klimešová and de Bello 2009 ). All species, except Carex divisa Huds., were registered in the CLO-PLA3 database. For that missing species, we attributed the traits of the morphologically similar Carex disticha Huds. In addition to the type of clonal growth organ (CGO), we selected six traits related to clonal morphological characteristics: (i) size of the aboveground bud bank, (ii) size of the belowground bud bank, (iii) life span of ramets, (iv) life span of connections (duration of physical integration), (v) clonal multiplication rate, and (vi) distance of lateral spread (Table 1) .
Data analyses
Spatial patterns of the vegetation height
Following Adler et al. (2001) , spatial heterogeneity was measured using spatial dependence analysis. An increase in spatial dependence equates to an increase in the spatial heterogeneity, and conversely, a decrease in spatial dependence equates to a decrease in spatial heterogeneity. We assumed that a fine-grained heterogeneity of defoliation (<1 m) would lead to an increase in the fine-scale spatial heterogeneity of vegetation height. Conversely, homogeneous defoliation would homogenize vegetation height at the fine scale, thus reducing its spatial heterogeneity compared with ungrazed treatment. We analyzed the spatial pattern of the vegetation height using correlograms. We used the lag correlation r(d) of the dependent variable (vegetation height in a cell), which we plotted against the physical distance between points of measurement. The lag correlation r(d) is the lag covariance Ĉ (d) of the data divided by the variance of the data s 2 (Rossi et al. 1992) . The lag correlation was calculated for each of the 30 grids (n = 100 height measurements for each grid) along six classes of distance ranging from 0-0.1 m to 0.5-0.6 m. We drew mean correlograms for each grazing intensity and each date (n = 10 for each correlogram). Significance of the lag correlation r(d) was tested by permutation tests (n = 1000) for each correlogram (Diggle 2003) . Significantly positive or negative values of r(d) indicate spatial heterogeneity (i.e., patchy distribution of the vegetation height), while nonsignificant values (i.e., close to 0) are characteristic of randomness or homogeneity (Adler et al. 2001) . For comparison of grazing treatments, we analyzed values of correlation for the shortest distance (0-0.1 m), using ANOVA followed by a Tukey's Honestly Significant Difference test.
Relationship between spatio-temporal indices and clonal traits
For each plot, we calculated indices describing the spatial characteristics of vegetation height and their temporal variation between April and October (spatio-temporal indices). The spatial indices calculated are (i) mean vegetation height, (ii) global variance of vegetation height, (iii) local covariance of vegetation height, and (iv) percentage of defoliated cells (i.e., cells in which leaf damage had been observed). Indices ii and iii are estimators of the fine-grained heterogeneity of vegetation height. The temporal indices (v-vii) are calculations of the temporal variability within indices i-iii in respective order (see Table 2 for the calculation methods and description of these indices).
Clonal traits recorded in the CLO-PLA3 database are either nominal or semiquantitative (Table 1) . We created the matrix species Â clonal traits, where each attribute of a clo- nal trait corresponded to a column. Trait attributes were calculated through fuzzy coding, the sum of scores of a trait being one (Pakeman et al. 2002; Pakeman 2004; de Bello et al. 2005) . We then created a plots Â clonal traits matrix, by multiplying the plots Â species and species Â clonal traits matrices. The relationship between the spatio-temporal indices of the vegetation height and clonal traits was evaluated by coinertia analysis between the plots Â clonal traits and plots Â spatio-temporal indices matrices. We used a Monte Carlo permutation test (1000 permutations) to test for significant similarity between the two matrices.
The vegetation from the exclosure (S0) is paucispecific, dominated by the grass E. repens. As this may have compounded the observed effects of grazing intensity on clonal traits, we carried out an additional correspondence analysis on the plots Â clonal traits matrix, without plots from the exclosure.
Statistical analyses were carried out with the R software (R Development Core Team 2008) . Co-inertia and correspondence analyses were carried out with the ADE4 package (Chessel et al. 2004) . Figure 1 shows patterns of vegetation height in one representative grid for each of the three grazing intensities at the four sampling dates. In April (i.e., before the beginning of the grazing season), the spatial dependence of the vegetation height was significantly positive (p < 0.05) at fine scales (<0.3 m in the ungrazed exclosure, <0.2 m in both moderately and intensively grazed paddocks; Fig. 2A ). This indicates the existence of a fine-grained heterogeneity of vegetation height (<0.2 m). In June, the spatial extent of significant spatial dependence reached 0.3 m in intensively grazed (S4) plots and 0.4 m in ungrazed (S0) and moderately grazed (S2) plots (Fig. 2B) . In July and October, this spatial extent decreased to lag distances of 0.2 m in the nongrazed (S0) and intensively grazed (S4) plots, whereas it was maintained at lag distances of 0.4 m under moderate grazing (S2), (Figs. 2C-2D) .
Results
Spatial pattern of vegetation height and its temporal variation
The effects of the grazing treatments on the spatial dependence of the vegetation height were compared for the shortest distance class (0-10 cm). In April 2008, no difference was detected between grazing intenisties. In June 2008, the spatial dependence was significantly higher under moderate grazing than under no grazing (p < 0.05) or intensive grazing (p < 0.01). At this date, the spatial dependence tended to be lower under intensive grazing than no grazing, but without statistical significance. The spatial dependence was still the highest under moderate grazing in July, and still the lowest under intensive grazing in October, but both results were not statistically significant. Together, these observations showed the occurrence of a fine-grained pattern of defoliation under moderate grazing in June and in a lesser extent in July (increased spatial heterogeneity compared with ungrazed). Conversely, intensive grazing did not generate fine-grained heterogeneity of defoliation (no significant difference compared with ungrazed plots) and tended to generate homogeneous defoliation in June and October (de- creased spatial heterogeneity compared with ungrazed, although not significant; Fig. 2 ).
Relationship between spatio-temporal indices and clonal traits
The co-inertia analysis showed 52% of inertia shared by both matrices, indicating a strong relationship between the characteristics of the vegetation height and clonal traits (Monte Carlo permutation test, P < 0.001). Axis 1 accounted for the great majority of variance in the data (95.5%), whereas axis 2 only explained 4.1% of total variance (Fig. 3A) .
Regarding spatio-temporal indices (see Table 2 for index abbreviations and descriptions), axis 1 was positively correlated with the percentage of cells containing damaged leaves (percentage) and negatively correlated with the mean height of the vegetation (mean) and the variability of mean height during the grazing season (D mean; Fig. 3A) . Axis 1 discriminated plots according to the grazing intensity (Figs. 3C and 3E). Axis 2 was negatively correlated with indices of fine-grained heterogeneity of the vegetation height (global variance and local covariance), as well as their temporal variation (D global variance and D local covariance; Fig. 3A) . Plots from moderate grazing intensity occurred along axis 2, suggesting that fine-grained heterogeneity (high values of global variance and local covariance of the vegetation height) only existed in some plots located on the negative side of axis 2. However, plots of the high-grazing treatment were tightly aggregated on the positive side of axis 2, therefore showing the least variability in vegetation height in space (most homogenous) of the three grazing treatments (Figs. 3C and 3E) .
Along the first axis, gradients in trait values discriminated, on the negative side, syndromes of clonal traits characterizing species with belowground clonal forms, longdistance lateral spread, long-lived connections, annual ra- mets, and (or) high rate of clonal multiplication (e.g., Carex divisa Huds., Elytrigia repens (L.) Nevski, Juncus gerardii Lois., Rumex conglomeratus Murr.). Combinations of clonal traits and clonal growth organs characterizing (i) nonclonal annual species (e.g., Geranium dissectum L., Myosotis discolor Pers., Trifolium squamosum L.), (ii) species with aboveground growth forms and short-lived connections (e.g., Agrostis stolonifera L., Lolium perenne L., Poa trivialis L.), and (iii) tussock-forming clonal species (i.e., with short connections) (e.g., Cynosurus cristatus L., Hordeum secalinum Schreb., L. perenne, P. trivialis), were aggregated on the positive side of the first axis (Fig. 3B) . The second axis represented a much weaker gradient of trait values and grouped species with low clonal multiplication and moderate-distance lateral spread (Fig. 3B) . The first axis separated plots from the exclosure (negative side) versus plots from moderately and intensively grazed paddocks (Figs. 3C and 3E) .
The first axis of the correspondence analysis explained 40.8% of total variance. It aggregated clonal traits characterizing annual species on its positive side. The second axis explained 26.9% of total variance. It discriminated aboveground clonal forms (aboveground bud banks, stolons, and short-lived connections) on the positive side and belowground clonal forms (belowground bud banks and clonal organs) on the negative side (Fig. 4A) . Plots from moderate and intensive grazing were dispersed along both axes (Fig. 4B) , indicating that both grazing intensities selected for species with similar clonal traits.
Discussion
Fine-grained spatial patterns of defoliation linked to grazing intensity
Our results provide evidence for spatial aggregation of similar vegetation heights, up to a distance of 0.4 m. This heterogeneity occurs regardless of the occurrence of grazing and even its intensity. Mapping vegetation height also revealed the development of a fine-grained pattern, independent from the occurrence of grazing (i.e., not only in the exclosure without grazing, but also before the grazing season (April) for the three grazing intensities). This finegrained heterogeneity of vegetation could be due to intrinsic properties (e.g., plant species growth patterns) or even varia- Table 1 for the abbreviations of  clonal traits and Table 2 for the abbreviations of spatio-temporal indices.
tions in microenvironmental conditions (e.g., soil compaction, topography, water or nutrient availability; Rietkerk et al. 2000; Adler et al. 2001) .
Under moderate cattle grazing (S2), small-scale spatial dependence of vegetation height observed in June was not only stronger than before the grazing season (April), but also than in the ungrazed exclosure. Consequently, moderate grazing increased vegetation heterogeneity (Adler et al. 2001) , which indicates fine-grained heterogeneity of defoliation induced by moderate grazing (from 0.1 to 0.4 m), as expected in the first hypothesis. However, as the grazing season progressed, fine-grained spatial dependence of vegetation height decreased to values similar to those recorded in the ungrazed vegetation. Thus, during the last months of the grazing season, the pattern of defoliation induced by moderate grazing became homogeneous. In another French productive meadow, Rossignol et al. (in press) demonstrated that fine-grained grazing patterns at the end of grazing season evolved towards coarse-grained patterns. Thus, under moderate grazing, fine-grained heterogeneity of defoliation appears transient and unpredictable.
Under intensive grazing, forage availability per herbivore is likely to decrease, compelling herbivores to feed on less palatable vegetation (decreased selectivity), which they would have otherwise avoided (Weber et al. 1998) . Thus, the exploitation of vegetation is expected to be more complete and to lead to a decrease in the proportion of ungrazed patches. In our study, such phenomena likely occurred as spatial dependence of vegetation height at the end of the grazing season (October) was lower under intensive grazing (S4) than in ungrazed vegetation (S0), (Fig. 2) . Thus, as expected in the second hypothesis, intensive grazing generated homogeneous defoliation at scales less than 1 m.
Relationship between fine-grained spatial patterns of defoliation and clonal traits
Although moderate and intensive cattle grazing tended to generate contrasting spatial patterns of defoliation, both grazing intensities promoted similar traits. Contrary to the first hypothesis, neither spatial expansion nor extensive physiological integration (i.e., long and long-lived connections), which we assumed to be favoured by a fine-grained heterogeneity of defoliation, were found in moderately grazed areas. This could be at least partly explained by the transient nature of fine-grained heterogeneity generated by moderate cattle grazing, which only lasted until July. Temporal variability and unpredictability may prevent efficient responses to environmental conditions (Stuefer 1996) . Consequently, the investment in traits enabling the clonal fragment to cope with heterogeneous defoliation may not be advantageous, especially as initially ungrazed microsites are likely to become grazed until the end of the grazing season. Although species with belowground clonal forms could be found in some grazed plots, neither moderate nor intensive grazing clearly favoured bud banks protected from defoliation, high clonal multiplication rates, or specialized storage organs, which were assumed to be advantageous under homogeneous defoliation (second hypothesis). On the contrary, grazing tended to promote species with aboveground and short-lived connections, tussock-forming clonal species, and even nonclonal annuals, while species with belowground and long-lived connections dominated the ungrazed vegetation.
In the study meadow, grazing proved to favour non-clonal annual species (e.g., G. dissectum, M. discolor, T. squamosum) . Such species, which rely only on sexual reproduction, are acknowledged to be promoted by disturbances, especially grazing (Grime 1977; Grubb 1977; Lavorel et al. 1997; Díaz et al. 2007) . A short phenological cycle would represent a mechanism to avoid grazing, especially by spending the grazing season in resistant forms such as seeds (Briske 1996) . By opening gaps in the canopy, grazing herbivores could facilitate seed germination and efficient seedling establishment, which would have otherwise been prevented by competition for light due to canopy closure (Lavorel et al. 1997 ). Moreover, grazing could enhance the propagation of sexually reproducing species through endoand (or) epizoochory (Amiaud et al. 2000; Mouissie et al. 2005; Couvreur et al. 2008) . Moderate cattle grazing seemed to be the modality where the abundance of annuals was the highest. Under this grazing intensity, spatio-temporal indices of vegetation height greatly varied between plots, suggesting that these plots were grazed to different extents by the cattle. Although more than 1 m, thus, undoubtedly too coarse grained to be perceived by clonal fragments, such heterogeneity of defoliation could be beneficial to annuals. Plant individuals situated in moderately grazed patches were more likely to produce seeds that could germinate in gaps opened by defoliation (i.e., regeneration niche sensu Grubb 1977) . In contrast, homogeneous grazing could be more detrimental to sexual reproduction as it might regularly damage flowers and seeds (Fahrig et al. 1994) .
In addition to the presence of nonclonal annuals, grazed vegetation was characterized by singular syndromes of clonal traits. Regardless of the grazing intensity (moderate S2 or intensive S4), short-lived connections and short-distance lateral spread were characteristic of grazed vegetation. These observations were confirmed by the dominance of species with aboveground clonal growth organs (stolons, plant fragments, and plantlets; e.g., A. stolonifera, L. perenne, P. trivialis) and short epigeogenous rhizomes (e.g., C. cristatus, H. secalinum, L. perenne, P. trivialis) in grazed paddocks. The production and maintenance of long and physiologically functional connections are costly (Caraco and Kelly 1991; Kelly 1995; van Groenendael et al. 1996) . In previous studies, mowing has been shown to limit rhizome increment and disfavour lateral spread (Sammul et al. 2004; Gross et al. 2007) . Similarly, we suspect that little investment in the production of connections would give a fitness advantage to plants under grazed conditions where tissue loss and compensatory growth following defoliation may divert an important part of resources.
We also expected storage functions to be involved in grazing tolerance as stored resources may enable the clonal fragment to buffer damages and to resume growth after defoliation (Iwasa and Kubo 1997) . At first glance, this property did not seem selected for in the study grazed areas, as none of the clonal growth organs assumed to be involved in resource storage (e.g., rhizomes, tubers; Suzuki and Stuefer 1999) were characteristic of grazed vegetation. Similarly, the life span of connections was short, limiting their ability to store and share resources. However, although expected to be mainly involved in spatial expansion (Dong and de Kroon 1994) , stolons may have the potential to store resources. Indeed, the survival of young ramets of Potentilla anserina L. separated from older ones was found to be enhanced when they were connected to a fragment of stolon internode (Stuefer and Huber 1999) . Shoot bases also have the ability to store resources (Cheplick and Chui 2001) and long-lived ramets occurring in grazed paddocks may thus enable resource storage. These resources could be more efficiently remobilized as they are situated close to damaged tissues (Morvan-Bertrand et al. 2001) , and thus, could be involved in regrowth following defoliation.
The contrast between clonal traits selected for in the ungrazed and grazed vegetation may be at least partly driven by the dominance of E. repens in the paucispecific exclosure. This species, as well as other species recorded in ungrazed vegetation (e.g., C. divisa, J. gerardii, R. conglomeratus), were characterized mainly by long and (or) long-lived belowground connections but annual ramets. Long-distance lateral spread has already been shown to characterize abandoned grasslands (Tamm et al. 2002) . This ability has been related to competitive ability (Grime 1977) , as it would enable a clonal fragment to colonize space, thus preventing other species from establishing. Moreover, early and fast growth from emergence has been associated with efficient competitive responses (Goldberg and Landa 1991) . In clonal species characterizing the exclosure, the retranslocation of resources stored in long-lived belowground storage organs could allow a high rate of clonal multiplication, by supporting the establishment of young ramets despite competition. Conversely, dense canopy closure is likely to prevent seeds, plant fragments, or stolon-borne ramets to efficiently establish.
Conclusion
As commonly acknowledged, our study confirmed the positive effect of grazing on the establishment of nonclonal annuals. However, clonal growth is expected to play a crucial role in the dynamics of plant communities dominated by clonal perennials (Zobel et al. 2010 ) such as vegetation of the study meadow. This study provides novel information on the relationship between clonal properties and environmental heterogeneity. Despite differences in the spatial pattern of defoliation until July, both grazing intensities favoured similar clonal traits, suggesting that fine-grained heterogeneity is not the major determinant of clonal trait selection in the study meadow. An increase in grazing intensity seemed to influence clonal traits mainly through an increase in the amount of damage caused to vegetation (percentage of defoliated cells) and the intensity of defoliation, rather than through changes in the fine-grained heterogeneity of defoliation. Consequently, grazing did not promote species with clonal traits associated with efficient responses to environmental heterogeneity. Increasing grazing intensity instead favoured species with clonal traits enabling clonal fragments to cope with defoliation, mainly by minimizing the costs of clonal growth. However, this study only focused on average species-specific clonal trait values that were retrieved from the free database CLO-PLA3. Although beyond the scope of this study, the inclusion of intraspecific variation of clonal traits in plant response to defoliation (either due to genetic variation or phenotypic plasticity) emerges as a promising further step to explore the rules governing establishment, persistence, and coexistence of meadow species within communities dominated by clonal species.
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